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Abstract
Background: Since the systemic in�ammation has been found to be associated with disease progression
and mortality in patients with hepatitis B virus (HBV)-related acute-on-chronic liver failure (HBV-ACLF), the
objective of this study was to detect in�ammatory factors in ACLF patients by a Luminex-based multiplex
immunoassay system for high throughput screening of the cytokine with the most prognostic value.

Methods: Luminex-based multiplex immunoassay technology was used to determine the concentrations
of 48 cytokines in total at once in serum samples from 40 patients with HBV-ACLF, 30 patients with
chronic hepatitis B (CHB) and 25 healthy volunteers as normal controls (NC). Then, the receiver operating
characteristic (ROC) curve analysis was applied to evaluate the prognostic prediction accuracy. Besides,
Kaplan–Meier curves was used to analyze survival, while the Cox regression analysis to determine the
mortality predictors.

Results: The level of IL-6, IL-10, IL-15, IL-18, M-CSF, IP-10 and CXCL9 were signi�cantly higher in patients
with HBV-ACLF than in either patients with CHB or NC subjects, while the level of EGF, PDGF-AA, PDGF-
AB/BB, MDC and sCD40L were signi�cantly lower. The concentrations of IL-6, CXCL9, and IL-15 was
higher in non-surviving patients with HBV-ACLF than in surviving patients while MDC was lower.
Increased serum IL-6 was positively correlated with disease severity. The ROC curve analysis showed that
IL-6 and CXCL-9 accurately predicted 90-day survival in patients with HBV-ACLF, with an accuracy
equivalent to those of the Model for End-Stage Liver Disease (MELD), MELD-Na. Kaplan–Meier analysis
showed an association between the increase in serum concentration of IL-6 as well as CXCL9 and poor
overall survival in patients with HBV-ACLF. Moreover, the multivariate Cox regression analysis showed
that only serum IL-6 was an independent predictor of overall survival in patients with HBV-ACLF.

Conclusion: Although HBV-related ACLF patients have signi�cantly increased serum levels of multiple
cytokines, only serum IL-6 levels could be an independent prognostic biomarker in patients with HBV-
ACLF.

Introduction
Acute‐on‐chronic liver failure (ACLF) is a distinct clinical syndrome characterized by liver failure due to
acute hepatic injury and underlying chronic liver disease with high 28‐day mortality. The pathogenesis of
hepatitis B virus-related acute-on-chronic liver failure (HBV-ACLF) is complicated and considered to be
caused by the superposition of multiple factors, such as the reactivation of HBV, bacterial and fungal
infection, abnormal immune cell function and distribution, systemic in�ammatory response (SIRS), and
immune paralysis[1]. Accumulating evidence has shown that systemic in�ammation caused by excessive
immune-mediated in�ammation plays a central role in the mechanism underlying HBV-ACLF. Moreover,
systemic in�ammation has been found to be associated with disease progression and mortality in
patients with HBV-ACLF [2-5]. Thus, many studies tried to test some in�ammatory factors when patients
were admitted to the hospital, combined with the research background of these factors, hoping to screen
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for factors with prognostic value, and even served as potential drug targets. In fact, cytokines such as IL-
10, IL-22, IL-27, Fractalkine, interferon gamma-induced protein 10 (IP-10) [6-9] have been reported to have
certain predictive value in ACLF diseases. However, these cytokines are rarely used in clinical practice so
far, probably because the predictive value of these factors is not consistent in different studies. Therefore,
we used luminex multiple analyte pro�ling technology to determine the concentrations of over 40
cytokines in serum samples from ACLF patients at once, to screen out the in�ammatory factors with the
most prognostic value.

Methods
Study design and patients

Forty patients with HBV-ACLF admitted to our department between May 2018 and June 2020 were
enrolled. HBV-ACLF was diagnosed on the basis of the development of jaundice (a TBil of ≤171 µmol/L),
a INR of ≥1.5, and the presence of at least one of the other criteria (≥ grade 2 hepatic encephalopathy,
ascites, spontaneous bacterial peritonitis, or hepatorenal syndrome). The exclusion criteria were: 1)
evidence of other liver diseases or cancer; 2) coinfection with other hepatitis viruses or HIV; 3) treatment
with arti�cial liver support or immunomodulatory drugs; 4) drug or alcohol abuse; 5) history of
cardiovascular, pulmonary, or renal diseases; and 6) pregnancy. Cirrhosis was clinically diagnosed when
a small, nodular liver was observed in imaging tests, including ultrasound, computerized tomography
scans, or magnetic resonance imaging. Each patient was treated with supportive internal treatment. All
patients with HBV-ACLF were followed up for at least 3 months. The patients’ outcomes were recorded as
surviving or non-surviving. Thirty patients with chronic hepatitis B (CHB) and twenty-�ve healthy
volunteers as normal controls (NC) during the same period were enrolled as controls. Patients with CHB
were de�ned as those who had showed HBsAg positivity for more than 6 months and exhibited signs of
hepatitis and abnormal liver function. A clinical assessment was performed and peripheral blood was
collected at admission. Serum was separated and stored at −80°C until analysis. The study was
conducted in accordance with the guidelines of the Declaration of Helsinki, and the protocol was
approved by the ethics committee of our hospital (The Third A�liated Hospital of Sun Yat-sen University).
Written informed consent was obtained from each participant.

Luminex for serum cytokine measurements.

Serum samples from ACLF, CHB and HC were used to analyze the concentrations of 48 cytokines in
duplicate using Human Cytokine Antibody-Immobilized Magnetic Beads (Millipore, Billerica,
Massachusetts). The cytokines were as follows: interleukin-1 alpha (IL-1a), IL-1b, IL-1RA, IL-2, IL-3, IL-4, IL-
5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-12p40, IL-12p70, IL-13, IL-15, IL-17, IL-18, IL-22, IL-27, epidermal growth
factor (EGF), eotaxin, granulocyte colony-stimulating factor (G-CSF), granulocyte macrophage colony-
stimulating factor (GM-CSF), interferon alpha-2 (IFN-α2), interferon gamma-induced protein 10 (IP-10),
IFNγ, monocyte chemotactic protein-1 (MCP-1), MCP-3, MIP-1a, MIP-1b, tumor necrosis factor alpha
(TNFα), TNFβ, vascular endothelial growth factor (VEGF), �broblast growth factor 2 (FGF-2), transforming
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growth factor alpha (TGF-α), Flt-3 ligand (FIT-3L), fractalkine, growth-regulated oncogene (GRO),
macrophage-derived chemokine (MDC), soluble CD40 ligand (sCD40L), chemokine (C-X-C motif) ligand 9
(CXCL9). Measurements were performed on the Luminex-MAGPIX multiplex immunoassay system. Data
were analyzed using Milliplex Analyst 5.1 software (EMD Millipore, Billerica, Massachusetts).

Virological assessment and liver biochemical assays

The levels of serum HBeAg was measured using an Elecsys system (Hoffman-La Roche Ltd., Basel,
Switzerland). HBV-DNA levels were quantitated with RT-PCR using an ABI7300 instrument (Thermo Fisher
Scienti�c). The detection limit of HBV -DNA was 100 IU/ml. Biochemical assays were performed using an
auto-analyzer (TBA-30FR; Toshiba, Tokyo, Japan). PTA was measured using an automatic
hemostasis/thrombosis analyzer (STA Compact, Holliston, MA, USA).

Disease severity assessment

MELD, MELD-Na were used to assess disease severity. Brie�y, these scores were calculated as follows:
MELD score=3.8×ln(bilirubin [mg/dL])+ 11.2×ln(INR)+9.6×ln(creatinine [mg/dL])+6.4×(etiology: 0 if
cholestatic or alcoholic, 1 otherwise); MELD-Na score=MELD score−Na−0.025×MELD×(140−Na)+140.

Statistical analyses

Data were analyzed using SPSS version 22.0 (IBM Corporation, Armonk, NY, USA) and were expressed as
frequencies, medians, and ranges or mean ± standard deviations. Differences in variables were analyzed
with ANOVA and Student’s t-tests or with Kruskal–Wallis tests and Mann–Whitney U tests. Correlations
were evaluated by Pearson or Spearman tests. ROC curves were used to predict prognosis. Comparisons
of ROC curve parameters were performed using the DeLong test. Survival was analyzed using Kaplan–
Meier curves. The association between relevant variables and mortality was investigated by the
multivariate Cox regression analysis. Two-sided P-values of <0.05 were considered statistically
signi�cant.

Results
Patients’ characteristics

The median age of the patients with HBV-ACLF was about 43 years. During the follow-up period, 25
patients with HBV-ACLF survived, while 15 died. Thus, the overall mortality rate was 37.5%. Twenty-nine
(72.5%) patients with HBV-ACLF were clinically diagnosed with cirrhosis before enrollment. The baseline
characteristics of the participants are shown in Table 1. No signi�cant differences existed among the
three groups in age (P=0.170) or gender (P=0.877).

Luminex detected the serum level of forty-eight in�ammatory factors in patients with HBV-ACLF
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We measured the serum concentrations of 48 cytokines by luminex among three groups. (Figure 1 A).
The level of IL-6, IL-10, IL-15, IL-18, M-CSF, IP-10 and CXCL9 were signi�cantly higher in patients with HBV-
ACLF than in either patients with CHB or NC subjects. While the level of EGF, PDGF-AA, PDGF-AB/BB, MDC
and sCD40L were signi�cantly lower in patients with HBV-ACLF than other groups. (Figure 1 B)

We then determined the correlation between clinical outcome and these 12 cytokines and found four
cytokines with predictive value including IL-6, IL-15, CXCL9 and MDC.

IL-6 correlated with disease severity in HBV-ACLF

The serum level of IL-6 was signi�cantly higher in non-surviving patients (median 14.41pg/ml, range
1.07–114.91pg/ml) than in surviving patients (median 6.98 pg/ml, range 1.53–15.10 pg/ml, P<0.01;
Figure 2 A). While the serum levels of IL-15, CXCL9 and MDC were statistically different between surviving
groups and non-surviving groups. We subsequently analyzed the correlation between the serum levels of
these cytokines and PTA levels, INR levels and disease severity parameter like MELD and MELD-Na
scores. Interestingly, positive correlations were found between IL-6 serum level and MELD score (r=0.359,
P=0.0234), MELD-Na score (r=0.365, P=0.0204; Figure 2A). In addition, MDC serum level had negative
correlation with MELD-Na score (r=-0.386, P=0.014; Figure 2C). Besides, CXCL9 serum level seem to have
no correlation with MELD and MELD-Na score, while correlated with PTA (r=-0.365, P=0.022) and INR
(r=-0.395, P=0.012; Figure 2 D). However, IL-15 have no correlation with these parameters. Collectively,
these �ndings indicated IL-6, MDC, CXCL9 may have more predictive value.

Increased serum level of IL-6 and CXCL9 indicated poor prognosis in patients with HBV-ACLF

The ROC curve analysis was used to evaluate the value of four cytokines mentioned earlier in predicting
prognosis (Figure 3A). In addition, the ES index was used to identify the optimal cutoff value, de�ned as
the value that maximized the sensitivity and speci�city. The ROC curve analysis results were shown in
Table 2.The area under the ROC curve (AUROC) of IL-6 was 0.703 (95% CI: 0.507–0.899, P=0.034), CXCL9
was 0.691 (95% CI: 0.510–0.871, P=0.046). Compared with the MELD score (AUROC=0.765, P=0.005),
MELD-Na score (AUROC=0.779, P=0.004), IL-6 and CXCL9 still had a promising prognostic value.

Patients were then divided into two groups by each cut-off value, including IL-6, CXCL9, MELD, MELD-Na.
The 90-day survival rate was examined by the Kaplan–Meier analysis between higher group and lower
group. The log-rank test revealed signi�cant differences between the higher group and the lower group in
90-day survival rate (IL-6, P=0.032; CXCL9, P=0.012; MELD, P=0.001; MELD-Na, P<0.001; Figure 3B).
Collectively, these data suggested that an increased frequency of IL-6 and CXCL9 could be useful
predictors of mortality in patients with HBV-ACLF.

Increased serum level of IL-6 could be an independent predictor of mortality

Baseline clinical and laboratory variables were analyzed as possible predictors of mortality. The basic
characteristics of surviving and non-surviving patients with HBV-ACLF are summarized in Table 3.
Compared with surviving patients, non-surviving patients were had higher levels of WBC, INR, Cr and PCT,
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had lower levels of PLT and Na (Table 3). Next, the Cox regression analysis was used to identify
predictors for HBV-ACLF. In the univariate analysis, the serum level of IL-6, IL-15, CXCL9, WBC, PLT, INR,
Na, CR, PCT, MELD score, MELD-Na score were factors associated with a higher risk of mortality (Table
4). Next, we evaluated these signi�cant variables in a multivariate Cox regression analysis by using
forward stepwise (likelihood ratio) selection. Only IL-6 (HR=1.026, P=0.025), WBC (HR=1.344, P<0.001),
and PLT (HR=0.979, P=0.009) were found to be independent baseline predictors of mortality in patients
with HBV-ACLF (Table 4).

Discussion
In this study, we used luminex to detect the levels of more than 40 in�ammatory factors in the serum of
ACLF patients in large quantities at one time, since systemic in�ammatory response (SIRS) played an
important role in the pathogenesis and disease progression of ACLF. First, we compared with CHB group
and HC group to �gure out more speci�c in�ammatory factors of ACLF, and then further analyzed with
the prognostic outcome to screen out the cytokines with the most prognostic value. As a matter of fact,
Wang[6] have used cytometric bead array (CBA) to test Interleukin-1β (IL-1β), IL-2, IL-4, IL-6, IL-8, IL-10, IL-
12p70, TNF-α and IFN-γ protein levels in blood plasma between patients with acute exacerbation of
chronic hepatitis B (CHB) and patients with HBV-related acute-on-chronic liver failure (HBV-ACLF). They
found that assessment of plasma IL-10 levels in CHB acute exacerbation might provide an early
predictive marker for progression to HBV-ACLF. Meanwhile, Cristina Solé[8] also measured a large array of
plasma cytokines between patients with cirrhosis and with ACLF. They found that cytokines showing the
most marked relationship with ACLF were VCAM-1 and VEGF-A. In the researches mentioned above, there
were actually many overlaps of cytokines tested including IL-6, compared with our study. However, the
differences including enrollment criteria, the tested specimens, even the research purposes resulted in
incomplete conclusions. While in this study, among the 48 in�ammatory factors we detected, only IL-6 is
shown to be an independent prognostic factor by the multivariate Cox regression analysis.

Interleukin 6 (IL-6) is a pleiotropic four-helix-bundle cytokine that exerts multiple functions in the body. In
the liver, IL-6 is an important inducer of the acute phase response and infection defense. IL-6 is
furthermore crucial for hepatocyte homeostasis and is a potent hepatocyte mitogen. It is not only
implicated in liver regeneration, but also in metabolic function of the liver. However, persistent activation
of the IL-6 signaling pathway is detrimental to the liver and might ultimately result in the development of
liver tumors [10, 11]. Although IL-6 has been considered to have predictive value in many diseases [12-16],
the role and the prognostic value of IL-6 in patients with HBV-ACLF has never been reported. As we know,
IL-6 is a multifunctional cytokine that transmits cell signaling and regulates immune cells. This factor
has a strong proin�ammatory effect with multiple biological functions and plays an important role in
in�ammation, tumor, and hematological diseases [17, 18]. IL-6 is the primary trigger for cytokine storms.
Dong Wook Jekarl [16] used the biomarkers PCT, IL-6, C-reactive protein (CRP) to evaluate the diagnosis
and prognosis of sepsis after antimicrobial therapy among systemic in�ammatory response syndrome
(SIRS), and indicated IL-6 as a prognostic marker for sepsis. Studies have shown that IL-6 cannot only be
used as an early diagnostic biomarker of bacterial infection in patients with liver cirrhosis [14], but also is
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related to the severity of liver cirrhosis. Patients with liver cirrhosis with elevated IL-6 have a greater risk of
hepatic encephalopathy complications. In addition, it is more likely to develop liver failure [15, 19].
However, IL-6 can be used as an independent prognostic predictor of ACLF, which has not been reported
in the literature.

This study has some limitations. First, our sample size was relatively small. Moreover, the present study
was a single-center investigation in China. The �ndings need to be con�rmed in large multicenter and
prospective studies. Overall, our �ndings demonstrate that IL-6 is preferentially enriched in patients with
HBV-ACLF and that this increase positively correlates with disease severity. Furthermore, our data indicate
that an increased serum level of IL-6 could be an independent predictor of mortality in patients with HBV-
ACLF.

Abbreviations
HBV-ACLF: hepatitis B virus (HBV)-related acute-on-chronic liver failure; ROC: the receiver operating
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Table 1: Clinical characteristics of the participants enrolled in the study

Group HBV-ACLF(n=40) CHB(n=30) NC(n=25)

Gender(male) 37 20 18

Age(years) 42.88±9.31 40.17±12.18 41.08±12.18

WBC(109/L) 6.56±3.45 5.97±1.43 6.19±1.34

PLT(109/L) 99.53±67.44 208.58±65.69 242.96±37.81

ALT (U/L) 201.9±254.42 32.07±27.56 19.17±12.46

AST (U/L) 215.65±532.74 26.52±10.79 19.35±5.45

PTA (%) 33.28±7.86 N.D. N.D.

INR (%) 2.53±0.89 N.D. N.D.

Albumin (g/L) 37.45±4.39 48.26±2.99 N.D.

TBiL(umol/L) 349.97±204.92 12.10±6.09 N.D.

CR(umol/L) 77.18±40.65 70.83±16.02 70.80±13.52

Na(umol/L) 136.20±5.68 N.D. N.D.

HBeAg positive 9 8 0

HBV-DNA 
(log10 IU/ml)

4.34±1.63 3.80±1.01 0

Complication 43 0 0

Ascites 14 0 0

SBP 13 0 0

Hepatic encephalopathy 10 0 0

Hepatorenal syndrome 3 0 0

UGB 3 0 0

MELD score 24.79±6.62 N.D. N.D.

MELD-Na score 22.88±12.32 N.D. N.D.

Note: Data are shown as means ± SD. ACLF: acute-on-chronic liver failure; HC: healthy control; ALT:
alanine aminotransferase; AST: aspartate aminotransferase; PTA: prothrombin time activity; TBil: total
bilirubin; SBP: spontaneous bacterial peritonitis; UGB: upper gastrointestinal bleeding; MELD: model for
end-stage liver disease; ULN: upper limit of normal; N.D: not determined
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Table 2. ROC curve analysis of IL-6, CXCL9, IL-15 and MDC.

Indicators Speci�city Sensitivity AUC(95%CI) P value Cut-off

IL-6 0.73 0.64 0.703(0.507-0.899) 0.034 8.285pg/ml

CXCL9 0.73 0.72 0.691(0.510-0.871) 0.046 2982.5pg/ml

IL-15 0.53 0.84 0.637(0.437-0.838) 0.150 14.21pg/ml

MDC 0.27 0.56 0.285(0.115-0.456) 0.025 492.735pg/ml

MELD 0.73 0.84 0.765(0.579-0.951) 0.005 26.50

MELD-Na 0.73 0.80 0.779(0.612-0.945) 0.004 25.13

Note: Data in parentheses are 95% con�dence interval.

Abbreviations: AUC, area under curve; ROC curve, receiver operating characteristic curve.

Table 3. Characteristics of patients with HBV-ACLF according to clinical outcome
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Group Non-surviving

(n=15)

Surviving

(n=25)

P-value

Gender(male) 14 23 ns

Age(years) 46.07(28-63) 41.80(26-57) ns

Cirrhosis 12 17 ns

WBC(109/L) 7.98(1.95-16.96) 5.49(1.22-10.41) 0.019

PLT(109/L) 64.8(14-166) 116.32(19-280) 0.0162

ALT (U/L) 346.6(32-3376) 133.76(39-935) ns

AST (U/L) 190.27(23-1096) 133.76(39-935) ns

PTA (%) 28.43(14-41) 35.52(27-49) 0.0072

INR (%) 3.14(1.85-5.92) 2.22(1.65-2.75) 0.0013

Albumin (g/L) 36.57(31.2-41.7) 37.9(29.8-52.6) ns

TBiL(umol/L) 402.02(36.5-747.5) 321.86(91-681) ns

CR(umol/L) 95.27(33-250) 67.01(42-95.4) 0.0312

Na(umol/L) 133.34(113.8-143) 137.64(130-146) 0.0225

PCT 2.24(0.3-12.12) 0.72(0.13-1.49) 0.0476

MELD score 28.54±8.77 22.86±3.9 0.0076

MELD-Na score 31.18±15.48 18.67±7.92 0.0016

IL-6(pg/ml) 25.84(1.07-15.10) 7.67(1.53-15.10) 0.0068

IL-15(pg/ml) 27.46(4.76-100.07) 12.41(5.03-53.51) 0.0218

MDC(pg/ml) 351.39(58.8-810.4) 485.92(157.29-1086) 0.0397

CXCL9(pg/ml) 5930.07

(855.07-22903)

3140.53

(871.27-9418)

0.0364

Note: Data are shown as mean and standard deviations or medians and ranges.
Abbreviations: ACLF, acute-on-chronic liver failure; ALT: alanine aminotransferase; PLT, platelet counts;
AST: aspartate aminotransferase; PTA: prothrombin time activity; TBil: total bilirubin; MELD: model for
end-stage liver disease; ALB, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase;
Cr, creatinine; MELD, model for end-stage liver disease;

Table 4. Factors associated with mortality in patients with HBV-ACLF by using the Cox regression
analysis
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Parameters Wald P-value HR 95%CI

Univariate analysis

IL-6(pg/ml) 12.166 <0.001 1.031 1.014 – 1.049

IL-15(pg/ml) 5.103 0.024 1.019 1.003 – 1.036

MDC(pg/ml) 3.475 0.062 0.997 0.994 – 1.000

CXCL9(pg/ml) 4.580 0.032 1.000 1.000 – 1.000

WBC(109/L) 9.999 0.002 1.323 1.112 – 1.574

PLT(109/L) 4.864 0.027 0.987 0.976 – 0.999

PTA(%) 8.170 0.004 0.892 0.824 – 0.965

INR 14.753 <0.001 2.705 1.628 – 4.494

Na(ummol/L) 6.936 0.008 0.897 0.827 – 0.972

CR(ummol/L) 4.313 0.038 1.009 1.000 – 1.017

PCT 3.152 0.076 1.139 0.987 – 1.315

MELD 9.352 0.002 1.144 1.050 – 1.247

MELD-Na 11.950 0.001 1.068 1.029 – 1.109

Multivariate analysis

IL-6(pg/ml) 5.051 0.025 1.026 1.026 – 1.003

WBC(109/L) 11.490 0.001 1.344 1.344 – 1.133

PLT(109/L) 6.848 0.009 0.979 0.979 – 0.964

Note: Data are shown as mean and standard deviations or medians and ranges.
Abbreviations: PTA: prothrombin time activity; MELD: model for end-stage liver disease; Cr, creatinine;
PCT: procalcitonin.

Figures
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Figure 1

Twelve cytokines were signi�cantly different in patients with HBV-ACLF from other groups. A. Cluster heat
map of 48 cytokines detected by luminex among three groups. B. The level of IL-6, IL-10, IL-15, IL-18, M-
CSF, IP-10 and CXCL9 were signi�cantly higher in patients with HBV-ACLF than in either patients with
CHB or NC subjects. While the level of EGF, PDGF-AA, PDGF-AB/BB, MDC and sCD40L were signi�cantly
lower. *P<0.05; **P<0.01; ***P<0.001; ****P<0.0001.
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Figure 2

Four out of twelve cytokines were related to clinical outcome including IL-6, IL-15, CXCL9 and MDC.
Notes: A. The serum level of IL-6 was signi�cantly higher in non-surviving patients than in surviving
patients (P<0.01). Moreover, the concentrations of IL6 were positively correlated with MELD, MELD-Na
scores (P<0.05).B. The serum level of IL-15 was higher in non-surviving patients than in surviving patients
(P<0.05), while the concentrations of IL-15 had no correlation with MELD, MELD-Na scores, PTA and INR.
C. The serum level of MDC was higher in non-surviving patients than in surviving patients (P<0.05). In
addition, the concentrations of MDC were negatively correlated with MELD-Na scores (P<0.05). D. The
serum level of CXCL9 was higher in non-surviving patients than in surviving patients (P<0.05).
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Figure 3

Increased serum IL-6 and CXCL9 indicated poor prognosis in HBV-ACLF. Notes: (A) The prognostic value
of IL-6, IL-15, MDC and CXCL9 were assessed by the ROC curve analysis, compared with MELD and
MELD-Na scores. Speci�c analysis results were shown in Table2. (B) Survival was evaluated using
Kaplan–Meier curves, and the statistics were compared by log-rank tests. Signi�cant differences between
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the higher group and the lower group in 90-day survival rate (IL6, P=0.032; CXCL9, P=0.012; MELD,
P=0.001; MELD-Na, P<0.001; Figure 3B).


